The shrimp spawn in autumn, and the females carry their eggs as out roe until spring when the 7 larvae hatch. Within a period of 2 months the shrimp larvae settle to the bottom. It has been 8 claimed that the year class strength probably is determined during the larval phase. Today's 9 assessment and forecast of the shrimp stock productivity and potential fishing yields is weak.
assessment and forecast of the shrimp stock productivity and potential fishing yields is weak. 10 This is partly due to poor knowledge on population dynamics from hatching until the shrimp 11 are caught in the fishery at the age of 3 or 4 years. We therefore here identify the most 12 important abiotic and biotic factors that effect recruitment in addition to spawning stock shrimp the previous year but negatively correlated to temperature at sampling time. This is 28 probably due to less overlap with the main predator cod when cold. Ricker functions indicate 29 an increased density dependent mortality with age. When predicting the recruitment of shrimp 30 to the fishery the spawning stock biomass, the abundance of cod and euphausiids, as well as 31 the temperature should be included.
Introduction

44
The shrimp (Pandalus borealis) is a protandric hermaphrodite changing sex from male to 45 female at an age of 4 to 7 years in the Northeast Atlantic (Nilssen and Hopkins, 1992) . The 46 shrimp spawn in autumn and the eggs are carried as out roe by the females (ovigerous 47 females) until spring when the larvae hatch. Within a period of 2−3 months the shrimp larvae 48 pass through six developmental stages after which they settle to the bottom as post larvae 49 (Shumway et al., 1985; Ouellet et al. 1990; Bergström, 2000) . 50 It is of major importance for the shrimp stock assessment to get information on the strengths during the larval phase (Pedersen et al., 2003) . It is assumed that the transport processes 57 influence the recruitment both directly as advectional losses of larvae and indirectly through 58 temperature, food availability and predator-prey interactions (Apollino et (Ådlandsvik and Loeng, 1991) . The major water masses in the investigated area are Atlantic Water with salinity over 35‰, 87 and the colder and fresher Arctic Water. These water masses are separated by the Polar Front.
88
In the western Barents Sea the position of the front is relatively stable, although it seems to be 89 pushed northwards during warm climatic periods (Loeng, 1991; Ingvaldsen, 2005 As the shrimp recruitment is likely to depend on the spawning stock biomass a survival index (Fig. 4) .
290
We therefore used the longer time series for number of age 2 shrimp caught in the cod end in 291 the correlation analysis. The recruitment of shrimp varies between areas and years (Fig 6) . (Fig. 2 and Fig. 5 ). The poor covariation in 1994−1997 is probably due to the high number of 310 1 and two year cod in that period (Fig. 3) , and possibly due to unusual inter-annual variability 311 in the temperature. and Table 1 ). The AIC indicates that the stock recruitment model fit gets weaker for each age 316 group. That is due to the biotic and abiotic factors affecting the survival rate of young shrimp 317 over time. The principal components 1 and 2 contribute 92%, 79% and 70% to the correlation between 339 factors selected for the PCA ordination to be fitted to the distribution of age 1, 2 and 3 shrimp 340 (Table 3) . The generalized additive model has the best fit to the age 1 and age 2 shrimp while 341 the deviance explained by the model for age 3 is only 16% (Table 3 ). The density of shrimp 342 of age 1 and 2 is projected on the respective PCA ordination plots (Fig. 8) . In the PCA plot The best recruitment index for age 1 shrimp is received by using the juvenile bag. However, 371 the time series is short and because age 2 shrimp caught in the cod end is correlated to the 372 shrimp caught in the juvenile bag and provides a longer time series they are considered the 373 best recruitment measure (Fig. 4) . Due to high and variable natural mortality from age 1 to 374 age 3, age 1 shrimp is not the best recruitment indicator to be used for fishery prognosis. The 375 index of age 2 shrimp is significantly correlated to available abiotic and biotic factors whereas 376 this correlation is weaker for the index of age 3 shrimp (Table 2 and Table 3 ). We consider 377 age 2 shrimp to be the best indicator of recruitment as has also been concluded for shrimp 378 stocks off West Greenland, Iceland and elsewhere (Wieland, 2004; Skuladottir, 1990) . at age 2 and moves to fish prey at age 3, consequently the negative correlation with shrimp 399 recruits gets weaker with shrimp and cod age (Table 2) . euphausiids and copepods, from the macro plankton (Berenboim, 1981; Wienberg, 1980; 437 18 Wienberg 1982). In winter shrimp and M. norwegica may crop on overwintering copepods 438 that may be a scarce food source in deep water also in the Barents Sea (Kaartvedt et al. 2002) .
439
As indicated before the mortality in the second year seems to be high, especially in years after 440 good recruitment. The reduced food supply may be a limiting factor not only when 441 euphausiids are abundant, but also when density of 2 year old shrimp is high. This increase in 442 density-dependent mortality with age is illustrated by the change in the shape of the Ricker 443 curve with age (Fig. 7) . This is probably caused by intra-specific competition due to 444 limitations in available prey in combination with predation. The recruitment indices are influenced by variable natural mortality rates and catchability 447 (Hannah, 1993) . Although the spawning stock number was high in 1996 to 1999 the 448 recruitment of age 2 shrimp did not show an increase in the same manner as seen previously, 449 probably as a result of increased natural mortality due to cod predation (Fig. 3) . Cold and low abundance of age 2 shrimp off Bear Island (Fig 6) . Shumway et al. (1985) . 479 The density of 1 year old shrimp is directly dependent on SSB the previous year and is further 480 influenced by cod predation after the larvae settled. causes of shrimp stock fluctuations (Hancock, 1973; Garcia 1983 ). Therefore approaches 484 including an environmental factor e.g. natural variability, temperature have been suggested 485 and three dimensional interpretations have been proposed (Garcia, 1983; Hannah, 1999 
